Background-There are no previous data describing nelfinavir and lamivudine pharmacokinetics in neonates treated with weight band dosing regimens.
INTRODUCTION
Mother to child HIV transmission can be dramatically reduced with the administration of antiretroviral agents to the mother during pregnancy and labor and to the neonate after birth. However, if the mother does not receive treatment during pregnancy, the optimal composition and duration of postnatal neonatal antiretroviral prophylaxis is unknown. The number of antiretrovirals with formulations suitable for use in neonates and with adequate neonatal safety and pharmacokinetic data is limited, especially among the protease inhibitors. Previous studies of nelfinavir pharmacokinetics in the first weeks of life demonstrated low nelfinavir exposure in a significant number of infants even with nelfinavir doses of 40-45 mg/kg twice a day. [1] [2] Recent antiretroviral dosing guidelines for low resource settings have recommended treatment with weight band dosing regimens rather than individual dose calculations using weight or body surface area. There have been few previous studies describing antiretroviral exposure with weight band dosing of antiretrovirals in the first weeks of life. The goal of the current study was to describe the pharmacokinetics of nelfinavir and lamivudine during the first 2 weeks of life with use of weight band dosing regimens. The nelfinavir regimen was designed to provide 50-75 mg/kg per dose.
MATERIALS AND METHODS
NICHD/HPTN 040/IMPAACT P1043 is a recently completed trial in Brazil, Argentina, South Africa and the US that compared the efficacy of 3 infant regimens (6 weeks of zidovudine alone, 2 weeks of nelfinavir/lamivudine plus 6 weeks of zidovudine or 3 doses nevirapine in the first week plus 6 weeks of zidovudine) in preventing mother to child HIV transmission in infants whose mothers receive no ARV therapy during pregnancy. Infants in the nelfinavir arm received zidovudine (10 mg/mL syrup), lamivudine (10 mg/mL syrup) and nelfinavir (50 mg/gm powder) twice a day according to the following weight based dosing regimen: zidovudine 12 mg if birth weight >2000 gm, 8 mg if birth weight ≤2000 gm; lamivudine 6 mg if birth weight >2000 gm, 4 mg if birth weight ≤2000 gm; nelfinavir 200 mg if birth weight > 3000 gm, 150 mg if birth weight between 2001 and 2999 gm, 100 mg if birth weight ≤2000 gm. Eligible infants were less than 48 hours old at the time of enrollment and were born to mothers who were identified as HIV positive but received no antiretroviral therapy during the pregnancy. Their mothers may have received oral or intravenous ZDV during labor. Exclusion criteria included gestational age less than 32 weeks, birth weight less than 1500 grams, presence of life-threatening conditions, inability to take oral medication and administration to the mother of any ARV during labor and delivery other than ZDV. Local institutional review boards approved the protocol at all participating sites and signed informed consent was obtained from the mothers of all subjects prior to participation.
Two of the sites participating in the study (Hospital Geral de Nova Iguaçu, Nova Iguaçu, Brazil; Federal Universidade of Minas Gerais, Belo Horizonte, Brazil) elected to participate in a substudy of nelfinavir and lamivudine pharmacokinetics. A separate informed consent was obtained for participation in this substudy.
Twenty six infants were enrolled in the pharmacokinetic substudy. They were started on nelfinavir and lamivudine within 48 hours of birth and were studied between either days 4-7 or days 10-14 of life. On the study day plasma samples were collected prior to a morning dose and at 1, 2, 4, 8 and 12 hours after the dose.
Nelfinavir and lamivudine plasma concentrations were measured by validated HPLC assays with a lower limit of quantitation (LLOQ) of 0.04 μg/mL for each, as previously described. 1 Pharmacokinetic calculations were performed using WinNonlin (Pharsight Corporation, Mountain View, CA) and Excel (Microsoft Corporation, Redmond, WA). The nelfinavir exposure targets were 12 hour AUC above 15 μg*hr/mL (the 10th percentile for adults) and 12 hour concentration above 0.8 μg/mL (the standard trough concentration target used in therapeutic drug monitoring programs). Demographic and pharmacokinetic parameters are presented as medians (range).
RESULTS
Twenty six infants (9 females, 17 males) were studied, 14 at age 4-7 days and 12 at age 10-14 days. Their median (range) birth weight was 3105 (1775-3900) gm and their median gestational age was 39 (34-42) weeks. They were born to mothers with a median age of 25 (15-42) Nelfinavir concentration-time plots for the infants studied at age 4-7 days and age 10-14 days are presented in Supplemental Digital Content 1 and 2 (figures). The nelfinavir pharmacokinetic parameters are presented in Table 1 . No nelfinavir pharmacokinetic parameter differed between infants studied on days 4-7 vs days 10-14. For the combined population at both time points, median nelfinavir AUC0-12 was 25.5 (1.7 -183.5) μg*hr/ mL and median C12h was 1.09 (<0.04 -14.44) μg/mL. AUC0-12 was less than 15 μg*hr/ mL (the 10% percentile for adults) in 12 infants (46%). C12h was less than 0.8 μg/mL (the standard nelfinavir therapeutic drug monitoring trough concentration target) in 12 infants (46%) and was less than .05 μg/ml (10 times the upper limit for nelfinavir IC50 of wild type HIV) in 2 infants (8%). Nelfinavir t was not calculated as many of the nelfinavir concentration-time plots demonstrated flat or erratic profiles for which there were insufficient data points to determine a terminal elimination half-life.
Plasma sample volumes from one subject were inadequate to perform the lamivudine assay, so lamivudine pharmacokinetic data are available for 25 subjects. Lamivudine concentration-time plots are presented in Supplemental Digital Content 3 and 4 (figures) and the lamivudine pharmacokinetic parameters are presented in Table 2 . Lamivudine t1/2 was longer in infants studied on day 4-7 compared to day 10-14 (p=0.04). No other lamivudine pharmacokinetic parameter differed between infants studied on days 4-7 vs days 10-14. For the combined population at both time points, median lamivudine AUC0-12 was 7.8 (2.7 -15.6) μg*hr/mL and median C12h was 0.23 (<0.04 -0.74) μg/mL. Lamivudine C12h exceeded the assay LLOQ of 0.04 μg/mL for 22 of 25 subjects (88%).
DISCUSSION
Our study is the first to describe nelfinavir and lamivudine pharmacokinetics in infants during the first 2 weeks of life treated with weight band dosing regimens. Weight band dosing was chosen to facilitate study implementation across sites, to simplify drug administration to enrolled infants, and to make the results more easily transferable to a variety of settings once the optimum regimen was determined. Weight or age band dosing of antiretrovirals is currently recommended by the WHO for use in low resource settings. 3 Nelfinavir was chosen as the protease inhibitor used in the study because at the time of initiation of the protocol it was the only protease inhibitor available in a formulation suitable for use in neonates. While liquid formulation lopinavir/ritonavir is now available, there are no lopinavir pharmacokinetic data from infants in the first 2 weeks of life. 4 In addition, recent reports of life threatening toxicities in premature infants receiving lopinavir/ritonavir have led to a warning against its use in term infants younger than 2 weeks postnatal age and in premature infants younger than 42 weeks postmenstrual age. 5 Previous studies of nelfinavir pharmacokinetics in neonates have shown significant differences compared with older infants, children and adults. Nelfinavir apparent oral clearance has been shown to be highly variable and to decrease with age, with nelfinavir clearance 2-3 times higher in children aged 2-13 years than in adults and further increased in children below age 2 years. [6] [7] [8] [9] The current recommended dose of nelfinavir in children aged 2-13 years is 45-55 mg/kg twice a day; there is no approved dose for children under age 2. Previous studies in neonates have shown high variability and inadequate nelfinavir concentrations with doses up to 40-45 mg/kg twice a day. [1] [2] In the present study we used a weight based nelfinavir dosing regimen that provided a median nelfinavir dose of 58.8 mg/kg twice a day. The per kg nelfinavir doses ranged from 18% below the median dose to 34% above and are presented graphically in Figure 1 . While the median AUC and Cmin in our subjects exceeded the pharmacokinetic targets, interpatient variability was very large, with AUC varying from 1.7 to 183.5 μg*hr/mL. Nearly half (46%) of individual subjects failed to meet the AUC or Cmin target. Figure 1 suggests that AUC did not vary with per kg dose administered and that although the per kg doses were greater than those used in previous studies, interpatient variability increased as well, resulting in larger maximum exposures while a significant proportion of subjects remained below the pharmacokinetic target. A recent population analysis of nelfinavir pharmacokinetics in a large group of infants and children suggested that in those less than 2 months nelfinavir doses of 40 mg/kg twice a day were not adequate and that 50 to 60 mg/kg three times a day should be studied. 10 The large amount of interpatient variability in nelfinavir exposure observed in our subjects suggests that a further increase in nelfinavir dosing might result in high and potentially toxic nelfinavir concentrations in some infants along with suboptimal concentrations in others. If nelfinavir is to be used to treat HIV infected neonates during the first weeks of life, however, therapeutic drug monitoring should be encouraged to ensure adequate but not excessive nelfinavir exposure.
Lamivudine elimination was prolonged in these neonates studied during the first week of life compared to older infants and children, consistent with previous studies. [11] [12] . Lamivudine is primarily renally eliminated, and its elimination increases during the first weeks and months of life in parallel with postnatal maturation of renal function. [12] [13] Current dosing recommendations for lamivudine are 2 mg/kg twice a day during the first 4 weeks of life and 4 mg/kg twice a day after age 4 weeks. The weight band dosing regimen used in the current study resulted in a median dose of 2 mg/kg, with a range of 1.5 to 3.2 mg/kg. While there is no target lamivudine concentration for prevention of HIV infection, lamivudine AUC values were in the same range as those previously observed in prior studies of neonatal and pediatric patients and trough lamivudine concentrations in nearly all subjects exceeded the range of lamivudine IC50 in wild type HIV (0.0006-.021 μg/ml). 14 Mother to child HIV transmission can be reduced to less than 1% with the use of maternal combination antiretroviral therapy during pregnancy and infant formula feeding. The results of the parent protocol of this study demonstrated that when HIV infected pregnant women do not receive combination antiretroviral therapy prior to delivery, treating infants with six weeks of ZDV plus either daily lamivudine/nelfinavir for two weeks or three doses of nevirapine during the first week of life will reduce intrapartum HIV transmission by roughly 50%. 15 We have previously reported that nevirapine concentrations with the three dose weight band regimen remain above our prophylactic target of 100 ng/mL through the first 10 days of life but well below the 3000 ng/mL trough concentration target used in HIV infected patients receiving nevirapine as part of combination treatment regimens. 16 As we report here, the weight band nelfinavir regimen resulted in trough nelfinavir concentrations below 0.8 μg/mL, the standard nelfinavir trough concentration target for treating HIV infection in nearly half of our subjects, although nearly all had nelfinavir trough concentration above 0.05 μg/ml (10 times the upper limit of nelfinavir IC50 for wild type HIV). While there are no data establishing definitive target concentrations for antiretrovirals used for prevention of HIV infection, the equivalent efficacy of these regimens in reducing intrapartum HIV transmission when used in combination with zidovudine suggests that HIV infection can be prevented with antiretroviral concentrations lower than those used in treatment of HIV infected individuals.
Supplementary Material
Refer to Web version on PubMed Central for supplementary material. Table 1 Nelfinavir pharmacokinetic parameters for infants studied at ages 4-7 days, 10-14 days and both groups combined. Data presented as medians (ranges). (bql=below quantitation limit of assay of 0.04 ug/ml). 
